INTRODUCTION
Considerable interest has developed in the properties and uses of surfaces and thin films for both scientific and technical proposes. For example, scientifically the structure at the surfaces, including the species present, their electronic and vibrational properties, and their orientation, requires detailed characterization. And energy transfer and charge transfer are dependent on the characteristics of interaction between the surface and the species on the surface. Now for the technical side, there are a whole host of new requirements for devices which demand very exact and detailed understanding and manipulation of the surface and a thin film on a surface. Some of the projected needs are for electrical or optical conduction or modification of signals, for insulation, protection or encapsulation, for passivation or catalysis, or for adhesion or lubrication.
For mainly scientific purposes, but also with technical application in mind, we have been applying Raman spectroscopy to the detailed study of the species present and their orientation at either the surface, i.e. substrate-air interface, or the interfacial region between two films, e.g. two polymeric films. In the later case the interfacial interaction can give us information about energy transfer and adhesion. Because Raman cross sections are low, it is frequently very difficult or impossible to obtain sufficient signal to noise ratios to measure spectra. Consequently, we have been applying guided optical waves, i.e. integrated optics, to increase the intensity (1) (2) (3) (4) (5) , this technique being first explored by Y. Levy etal. (6, 7) . Polymer films down to thicknesses of 800 A (2) have been observed by taking advantage of the high optical field, long optical path length, complete filling of the slits of the monochromator, and multiple scan signal averaging with our optical waveguide Raman spectrometer system. In addition, resonance Raman on thin monolayer films (4, 5) has made possible the observation of Raman signals on films less than 30 A thick. Orientation of each vibrational mode was determined by the difference in absorption between the transverse electric (TE) mode and the transverse magnetic mode (TM).
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Here we r e p o r t some r e s u l t s on Raman spectroscopy o f l a m i n a t e polymer f i l m s where we probe t h e i n t e r f a c i a l r e g i o n between two f i l m s . As we w i l l
see, t h e l i g h t i s p a r t i t i o n e d between t h e two d i f f e r e n t l a y e r s i n d i f f e r i n g amounts and p r o f i l e s f o r each o p t i c a l mode o f propagation. From measurements o f t h e Raman s p e c t r a a t s e v e r a l modes and b y mathematically d e c o n v o l u t i n g w i t h t h e known o p t i c a l f i e l d d i s t r i b u t i o n s ,
the s p e c t r a o f those specie% a t t h e i n t e r f a c e can be seen, separated from those of each o f t h e b u l k t h i n f i l m s .
EXPERIMENTAL
The p o l y m e r i c f i l m s were prepared by e i t h e r s p i n n i n g from s o l u t i o n o r d o c t o r b l a d i n g ( s p r e a d i n g w i t h a k n i f e edge a c c u r a t e l y p o s i t i o n e d above t h e s u b s t r a t e ) from s o l u t i o n . The f i l m w i t
By v a r y i n g t h e a n g l e o f incidence, t h e p r o p e r p r o p a g a t i o n vector, k, can be s e l e c t e d f o r each p r o p a g a t i n g mode and energy t r a n s f e r r e d by t h e evanescent f i e l d across t h e very narrow a i r gap. When t h e two f i l m s f o r m i n g t h e l a m i n a t e have s i m i l a r i n d i c e s o f r e f r a c t i o n , t h e p a r t i t o n i n g o f r a d i a n t energy i s d i v i d e d approximately e q u a l l y between t h e two l a y e r s . On t h e o t h e r hand, when t h e i n d i c e s a r e s i g n i f i c a n t l y d i f f e r e n t , propagation begins i n t h e l a y e r w i t h t h e h i g h e r index. Only when t h e e f f e c t i v e i n d e x i n t h e f i l m becomes s m a l l e r than t h a t f o r t h e l a y e r w i t h t h e lower i n d e x does propagation commence i n t h i s l a y e r . E v e n t u a l l y w i t h e f f e c t i v e i n d i c e s f o r h i g h o r d e r modes i n b o t h l a y e r s does t h e l i g h t d i s t r i b u t e s i t s e l f i n a somewhat u n i f o r m fashion. I n o u r Raman experiments, a c o l l e c t i o n l e n s ( f 1.8) is p o s i t i o n e d such t h a t a p o r t i o n o f t h e o p t i c a l s t r e a k i n t h e waveguide i s imaged o n t o t h e entrance s l i t s o f a Jobin-Yvon HG-2S double monochromator. Data c o l l e c t i o n i s w i t h a Hammamatsu
R955 p h o t o m u l t i p l i e r and standard photon c o u n t i n g e l e c t r o n i c s i n t e r f a c e d t o a N i c o l e t 1180 d a t a system t o p r o v i d e m u l t i p l e scan c a p a b i l i t i e s . Data i s then t r a n s f e r r e d t o a l a r g e computer f o r d e t a i l e d deconvolution and a n a l y s i s .
RESULTS
W e have measured the spectra f o r laminate polymer f i l m s o f polystyrene on p o l y v i n y l alcohol and f i l m s o f p o l y v i n y l alcohol on poly methyl methacrylate (3). I n both cases the s p e c t r a l i n t e n s i t i e s f o r the bands o f each l a y e r followed q u a l i t a t i v e l y the o p t i c a l f i e l d i n t e n s i t i e s w i t h i n each layer. Deconvolution c a l c u l a t i o n s r e c e n t l y performed showed t h a t the Raman i n t e n s i t i e s o n l y approximately agreed w i t h the calculated i n t e n s i t i e s based on the o p t i c a l f i e l d s w i t h i n the o p t i c a l waveguide, the problem being i n accurately determining t h e o p t i c a l f i e l d s throughout the laminate structure. The method o f c a l c u l a t i o n involves measuring the angles f o r coupling i n t o the various modes and then determining the r e f r a c t i v e i n d i c e s and thicknesses o f each l a y e r by a s o l u t i o n o f t h e eigenvalue equation. Unfortunately even w i t h more than f o u r modes, the parameters are n o t s u f f i c i e n t l y independent t o reach a unique solution. A number o f approaches are being t r i e d t o overcome t h i s problem. One i s t o measure the f i r s t f i l m , determine i t ' s constants, and use these r e s u l t s t o c a l c u l a t e the o t h e r l a y e r o f the laminate. This i s s a t i s f a c t o r y i f i n the process o f depositing the second l a y e r the f i r s t l a y e r ' s thickness o r r e f r a c t i v e index i s n o t modified. Another method i s t o simultaneously c a s t s i n g l e f i l m s o f each l a y e r a t the same time the laminate i s cast. From each o f these s i n g l e f i l m s we can determine the r e f r a c t i v e i n d i c e s and assume t h a t they do n o t change on lamination. Currently we are attempting t o v e r i f y these approaches and have done some s p e c t r a l s u b t r a c t i o n o f the i n d i v i d u a l components. Evidence f o r i n t e r f a c i a l v i b r a t i o n s and r e s i d u a l s o l v e n t were observed i n the PVA-PMMA system. Questions o f f i l m anisotropy need also t o be addressed.
